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DEVWUDFW= Frpshwlwlyh pdqhxyhulqj lq wkh lqirupdwlrq hfrqrp| kdv udlvhg
d suhvvlqj txhvwlrq= krz fdq ￿upv udlvh sur￿wv e| jlylqj dzd| surgxfwv iru iuhhB
Wklv sdshu surylghv d srvvleoh dqvzhu dqg duwlfxodwhv d vwudwhj| vsdfh iru lqirupdwlrq
surgxfw ghvljq1 Iuhh vwudwhjlf frpsohphqwv fdq udlvh d ￿up*v rzq sur￿wv zkloh iuhh
vwudwhjlf vxevwlwxwhv fdq orzhu sur￿wv iru frpshwlwruv1
Zh lqwurgxfh d irupdo prgho ri furvv0pdunhw h{whuqdolwlhv edvhg lq wh{werrn hfr0
qrplfv ￿ d pl{ ri Ndw} ) Vkdslur qhwzrun h￿hfwv/ sulfh glvfulplqdwlrq/ dqg surgxfw
gl￿huhqwlrq ￿ wkdw ohdgv wr qryho vwudwhjlhv vxfk dv dq hdjhuqhvv wr hqwhu lqwr Ehuwudqg
sulfh frpshwlwlrq1 Wklv frpelqdwlrq khosv wr h{sodlq pdq| uhfhqw ￿up vwudwhjlhv
vxfk dv wkrvh ri Plfurvriw/ Qhwvfdsh +DRO,/ Vxq/ Dgreh/ dqg LG1 Zh dovr lqwurgxfh
wkh frqfhsw ri d ￿frqwhqw0fuhdwru￿ zkr dggv ydoxh iru hqg0frqvxphuv exw pd| qrw
eh sdlg gluhfwo|1 Wklv uhvhdufk lpsolhv wkdw erwk ￿upv dqg srolf| pdnhuv qhhg wr
frqvlghu frpsoh{ pdunhw lqwhudfwlrqv wr judvs lqirupdwlrq surgxfw ghvljq dqg sur￿w
pd{lpl}dwlrq1
Wkh prgho suhvhqwhg khuh dujxhv iru wkuhh vlpsoh dqg lqwxlwlyh uhvxowv1 Iluvw/ d
￿up fdq udwlrqdoo| lqyhvw lq d surgxfw lw lqwhqgv wr jlyh dzd| lqwr shushwxlw| hyhq lq
wkh devhqfh ri frpshwlwlrq1 Wkh uhdvrq lv wkdw lqfuhdvhg ghpdqg lq d frpsohphqwdu|
jrrgv pdunhw pruh wkdq fryhuv wkh frvw ri lqyhvwphqw lq wkh iuhh jrrgv pdunhw1
Vhfrqg/ zh lghqwli| glvwlqfw pdunhwv iru frqwhqw0surylghuv dqg hqg0frqvxphuv dqg
vkrz wkdw hlwkhu fdq eh d fdqglgdwh iru wkh iuhh jrrg1 Wkh ghflvlrq rq zklfk pdunhw wr
fkdujh uhvwv rq wkh uhodwlyh hodvwlflwlhv dv jryhuqhg e| wkhlu qhwzrun h{whuqdolw| h￿hfwv1
Li wkh h{whuqdolw| h￿hfw lv vx!flhqwo| odujh/ wkh pdunhw zlwk wkh kljkhu hodvwlflw| lv wkh
pdunhw wr vxevlgl}h zlwk wkh iuhh jrrg1 Lw lv dovr srvvleoh wr fkdujh erwk pdunhwv exw wr
nhhs rqh sulfh duwl￿fldoo| orz1 Wkh prgholqj frqwulexwlrq lv glvwlqfw iurp w|lqj lq wkh
vhqvh wkdw frqvxphuv qhhg qhyhu sxufkdvh erwk jrrgv1 Xqolnh ud}ruv dqg eodghv/ wkh
surgxfwv duh vwdqg0dorqh jrrgv1 Lw dovr gl￿huv iurp pxowl0pdunhw sulfh glvfulplqdwlrq
lq wkh vhqvh wkdw wkh ￿up pd| h{wudfw qr frqvxphu vxusoxv iurp rqh ri wkh wzr pdunhw
vhjphqwv/ lpso|lqj wkdw wklv pdunhw zrxog kdyh suhylrxvo| jrqh xq0vhuyhg1
Wklug/ d ￿up fdq xvh vwudwhjlf surgxfw ghvljq wr shqhwudwh d pdunhw wkdw ehfrphv
frpshwlwlyh srvw0hqwu|1 Wkh wkuhdw ri hqwu| lv fuhgleoh hyhq lq fdvhv zkhuh lw qhyhu
uhfryhuv lwv vxqn frvwv gluhfwo|1 Wkh prgho wkhuhiruh khosv wr h{sodlq vhyhudo lqwhuhvwlqj
pdunhw ehkdylruv vxfk dv iuhh jrrgv/ xsjudgh sdwkv/ vsolw yhuvlrqlqj/ dqg vwudwhjlf
lqirupdwlrq vxevwlwxwhv1
Wklv uhvhdufk kdv ehhq jhqhurxvo| vxssruwhg e| wkh Iuhhpdq Vfkrro ri Exvlqhvv
dqg e| dq QVI Fduhhu Dzdug &LLV <;:95661
44 Lqwurgxfwlrq
Lq wkh lqirupdwlrq hfrqrp|/ frpshwlwlyh pdqhxyhuv kdyh udlvhg wkh txhvwlrq
ri zkhq ￿upv fdq lqfuhdvh sur￿wv e| jlylqj dzd| iuhh surgxfw1 Plfurvriw dqg
Qhwvfdsh +qrz sduw ri DRO, frpshwhg e| ￿qglqj hyhu pruh fkdqqhov wkurxjk
zklfk wr iuhho| glvwulexwh wkhlu eurzvhu vriwzduh1 Dgreh zlgho| glvwulexwhv lwv
sruwdeoh grfxphqw uhdghu1 Uhdo Dxglr shuplwv dq|rqh wr grzqordg lwv vrxqg
sod|hu1 Vxq Plfurv|vwhpv kdv dftxluhg Vwdu/ wkh prvw vxffhvvixo ghyhorshu ri
dq r!fh vxlwh iru Olqx{/ lq rughu wr jlyh lwv surgxfwv dzd|1
Wklv sdshu surylghv rqh dqvzhu wr wkh txhvwlrq1 Iuhh vwudwhjlf frpsohphqwv
fdq udlvh sur￿wv iru jrrgv rzqhg e| wkh vdph ￿up1 Wkh prgho suhglfwv wkdw
￿upv pd| lqwhjudwh ru lqfxu vljql￿fdqw ghyhorsphqw frvwv lq rughu wr glvwulexwh
sruwlrqv ri d sdlu ri frpsohphqwv1 Lq frqwudvw/ iuhh vwudwhjlf vxevwlwxwhv fdq
orzhu sur￿wv iru frpshwlwruv lqgxflqj pdunhw h{lw zkhq dyhudjh frvw fxuyhv duh
ghfolqlqj1 Lqfxpehqwv wkhq ehqh￿w iurp uhgxfhg frpshwlwlrq1
Rqh qryho prgholqj frqwulexwlrq lv wr lqwurgxfh wkh frqfhsw ri d frqwhqw
surylghu/ d glvwlqfw pdunhw vhjphqw wkdw dggv ydoxh iru wkh hqg0frqvxphu exw
wkdw pd| qrw eh sdlg gluhfwo|1 Wklv h{sodlqv/ iru h{dpsoh/ wkh surgxfwlrq ri Uhdo
Dxglr frqwhqw iru Uhdo Dxglr sod|huv dqg Dfuredw duwlfohv iru Dfuredw uhdghuv
wkdw kdyh qrwklqj wr gr zlwk wkh ￿upv Uhdo Dxglr ru Dgreh uhvshfwlyho|1 Zh
dovr vkrz wkdw glvwlqfw pdunhw vwudwhjlhv hphujh |lhoglqj dowhuqdwlyh iuhh jrrgv
pdunhwv dqg iduh jrrgv pdunhwv1 D frpsdudwlyh vwdwlfv dqdo|vlv vkrzv zkhq
￿upv pdnh sur￿wv e| fkdujlqj srvlwlyh sulfhv lq hlwkhu wkh hqg0frqvxphu ru wkh
frqwhqw surylghu pdunhwv/ ru erwk1
Wkh nh| lqvljkw lv wkdw ghvljqlqj d vhsdudeoh surgxfw dqg xqghusulflqj rqh
frpsrqhqw lv d ghylfh iru lpsohphqwlqj sulfh glvfulplqdwlrq lq pdunhwv zlwk
srvlwlyh qhwzrun h{whuqdolwlhv1 Wkh dssduhqw frqwudglfwlrq ri lqwurgxflqj dqg
vxvwdlqlqj d surgxfw vxevlg| lq rqh pdunhw uhvroyhv lwvhoi rqfh lw ehfrphv fohdu
krz sur￿wv lqfuhdvh pruh wkdq wkh vxevlg| frvw lq wkh rwkhu pdunhw1 Wklv
surgxfw frxsolqj vwudwhj| fdq dovr eh xvhg wr h{whqg wkh vskhuh ri surgxfw
frpshwlwlrq wr roljrsro| pdunhwv1 Wkh furvv0pdunhw vxevlg| pdgh srvvleoh e|
5wkh srvlwlyh h{whuqdolw| hqvxuhv wkdw rqh ￿up fdq qrw rqo| vxvwdlq dq lqgh￿qlwh
vxevlg|/ exw fdq hyhq lqfuhdvh lwv sur￿wv lq frpshwlwlrq zlwk dqrwkhu ￿up1
Lqwhuhvwlqjo|/ wklv xqghufxwv wkh frqyhqwlrqdo zlvgrp wkdw ￿upv vkrxog vhhn wr
dyrlg Ehuwudqg sulfh frpshwlwlrq dv wklv irufhv sulfh wr pdujlqdo frvw1 Dv lq wkh
fdvh ri wkh Lqwhuqhw eurzvhu zduv/ rxu iudphzrun looxvwudwhv krz sulfhv ehorz
pdujlqdo frvw fdq eh sur￿w pd{lpl}lqj zkhq wkh| vhuyh wr vwlpxodwh ghpdqg
dfurvv pdunhwv1 Fruuhvsrqglqjo|/ wklv pd| khos wr h{sodlq wkh xeltxlw| ri iuhh
lqirupdwlrq r￿huhg rq wkh Lqwhuqhw1
Wkh phfkdqlvpv uho| rq idluo| vwdqgdug lqwxlwlrqv exw/ lq idfw/ dowhu wkh
vwdqgdug prghov1 Wklv ohdgv wr vxewoh gl￿huhqfhv zlwk wkh qhwzrun h{whuqdolw|
dqg sulfh glvfulplqdwlrq olwhudwxuhv dw wkh vdph wlph zh gudz khdylo| iurp
erwk1 Lq sduwlfxodu/ zh h{whqg wkh lghd ri dq lqwud0pdunhw qhwzrun h{whuqdolw|/
ru ghpdqg hfrqrp| ri vfdoh/ wr dq lqwhu0pdunhw h{whuqdolw|1 Lq wkh fodvvlf
h{fkdqjh vwru|/ frqvxphuv ri whohskrqhv ehqh￿w iurp lqfuhdvhg frqvxpswlrq ri
whohskrqhv dv wklv h{whqgv wkh uhdfk ri h{lvwlqj frqvxphuv wr qhz frqvxphuv1
Lq frqwudvw/ frqvlghu wkh fklfnhq0dqg0hjj sureohp ri fuhdwlqj pxvlf frqwhqw iru
d qhz irupdw1 Surgxfhuv zdqw frqvxphuv dqg frqvxphuv zdqw surgxfhuv ehiruh
hlwkhu uhdglo| vzlwfkhv wr wkh qhz irupdw1
Dq lqfxpehqw ￿up surgxflqj pxvlf frqwhqw suredeo| grhv qrw zhofrph hq0
wu| e| dqrwkhu ￿up surgxflqj vlplodu frqwhqw dv wkhuh lv qr sur￿wdeoh gluhfw
h{fkdqjh ehwzhhq wkhp1 Hyhu|rqh lq wkh hqg frqvxphu pdunhw/ krzhyhu/ zho0
frphv hqwu| ehfdxvh lw lqfuhdvhv wkh survshfw ri d yldeoh irupdw vkrxog wkh
lqfxpehqw idlo1 Lw dovr lqfuhdvhv ydulhw| zkloh srvvleo| orzhulqj sulfhv1 Wklv
lqfuhdvhv erwk wkh ydoxh wr lqglylgxdov dqg wkh qxpehu ri lqglylgxdov zloolqj wr
vzlwfk irupdwv1 Wkxv/ lq wkh suhvhqw h{dpsoh/ wkh h{whuqdolw| uxqv iurp frqwhqw
fuhdwruv wr hqg frqvxphuv1
Frqyhuvho|/ frqvlghu wkh hqg frqvxphu*v ruljlqdo fkrlfh ri YKV yhuvxv Ehwd1
Lqlwldoo|/ dw ohdvw/ frqvxphuv duh olnho| wr fduh ohvv derxw dgglqj dq| vlqjoh frq0
vxphu wr d qhz irupdw wkdq wkh| fduh derxw wkh qxpehu dqg glyhuvlw| ri ￿upv
zkr surylgh frqwhqw iru wkdw irupdw1 Surgxfhuv/ krzhyhu/ fduh lpphqvho| derxw
wkh vl}h ri wkh frqvxphu pdunhw1 Wkh h{lvwhqfh ri d odujhu frqvxphu edvh pdnhv
6surgxfwlrq xqghu dq| jlyhq irupdw pruh dwwudfwlyh1 Djdlq/ lq wkh suhvhqw h{dp0
soh/ wkh h{whuqdolw| uxqv dfurvv pdunhwv iurp frqvxphuv wr surylghuv ri frqwhqw
dqg edfn1 Lpsruwdqwo|/ erwk frqwhqw fuhdwruv dqg frqvxphuv gr ydoxh jurzwk lq
wkhlu rzq pdunhwv exw wklv pd| eh phgldwhg e| wkh lqgluhfw h￿hfw ri wkh furvv0
pdunhw h{whuqdolw|1 Dw lvvxh lv zkhwkhu rzq0pdunhw hqwu| h{sdqgv sduwlflsdwlrq
rq wkh rwkhu vlgh ri hdfk wudqvdfwlrq1 Frqwhqw fuhdwruv pd| qrw remhfw wr rwkhu
frqwhqw surylglqj ￿upv li h￿hfwlyh frqvxphu ghpdqg ulvhv lqvwhdg ri idoov1
Frqvlghu ￿qdoo|/ d wklug sduwlflsdqw ￿ wkh irfxv ri rxu dwwhqwlrq khuh ￿ zkr
surgxfhv wrrov wr vxssruw erwk frqwhqw fuhdwruv dqg hqg frqvxphuv1 H{dpsohv
lqfoxgh Vxq/ Dssoh/ dqg Plfurvriw zkr vxssruw vriwzduh ghyhorshuv dv zhoo dv
sulydwh dqg exvlqhvv ex|huv> lw lqfoxghv Vrq| dqg Skloolsv zkr vxssruw wkh
hqwhuwdlqphqw lqgxvwu| dv zhoo dv krxvhkrogv> dqg lw lqfoxghv ￿upv olnh Dgreh
zkr surgxfh sruwdeoh grfxphqw glvwloohuv dv zhoo dv sruwdeoh grfxphqw uhdghuv1
Iru wkhvh ￿upv/ wkh fklfnhq0dqg0hjj sur￿w pd{lpl}dwlrq sureohp lv krz wr jurz
erwk pdunhwv1 D vwudljkwiruzdug vroxwlrq wkdw lv zlgho| revhuyhg lq wkh lqwhuqhw
hfrqrp| lv wr vxevlgl}h rqh pdunhw lq rughu wr sur￿w pruh iurp wkh rwkhu1
Wr sxw wklv lq frqwh{w/ wklv lghd gl￿huv vrphzkdw iurp wudglwlrqdo pxowl0
pdunhw/ ru wklug ghjuhh/ sulfh glvfulplqdwlrq lq wkdw ￿upv pdnh surgxfw r￿huv
wr pdunhwv zkhuh wkh| qhyhu lqwhqg wr fdswxuh dq| frqvxphu vxusoxv1 Lq idfw/
wkh| pd| vxevlgl}h rqh pdunhw lqgh￿qlwho| wr surprwh ghpdqg lq wkh rwkhu1
Wkxv zh h{whqg wkh dqdo|vlv lq zklfk frqvxphu ydoxhv duh ￿{hg dqg wkh rqo|
frqwudfwv dydlodeoh lq wkh pdunhwsodfh duh wkrvh ghvljqhg wr h{wudfw vxusoxv iurp
wkrvh zkr dffhsw wkhp1
Wkh lqvljkwv dovr gl￿hu vrphzkdw iurp wkh wudglwlrqdo prghov ri w|lqj/ ru
vhfrqg ghjuhh sulfh glvfulplqdwlrq1 Dowkrxjk wkh vwudwhjlf fkrlfh ri surgxfw
ghvljq uhtxluhv erwk jrrgv wr eh frxsohg/ xqolnh wkh fodvvlf fdvh ri ud}ruv dqg
eodghv/ dw ohdvw rqh ri pdunhw vhjphqw qhhg qhyhu frqvxph wkh frpsohphqwdu|
jrrg1 Frqvxphuv ri d sruwdeoh grfxphqw uhdghu pd|/ dw wkhlu glvfuhwlrq/ irujr
wkh frvw ri wkh glvwloohu looxvwudwlqj krz wkh jrrgv duh pruh orrvho| frxsohg wkdq
lq wkh fodvvlf fdvhv ri w|lqj1
Zh qrwh wkdw wkh srsxodulw| ri wklv surgxfw ghvljq vwudwhj| dprqj lqirupd0
7wlrq jrrgv pd| lq sduw eh gxh wr wkh xqltxh surshuwlhv ri lqirupdwlrq1 Ehfdxvh
wkh ￿uvw frs| frvwv duh kljk exw wkh vhfrqg frs| frvwv duh qhjoljleoh/ d ￿up
fdq d￿rug wr vxevlgl}h dq duelwudulo| odujh pdunhw zkloh rqo| lqfxuulqj d ￿{hg
xs0iurqw lqyhvwphqw frvw1 Hdfk dgglwlrqdo frqvxphu ri wkh iuhh jrrg frvwv wkh
fohyhu surgxfw ghvljqhu qhduo| qrwklqj lq lqfuhphqwdo frvwv1 Zlwk lqfuhdvhg frq0
vxpswlrq ri lqirupdwlrq/ zh pd| h{shfw wr vhh lqfuhdvhg xvh ri wkh sursrvhg
surgxfw ghvljq vwudwhj| lq wkh ixwxuh1
5 Uhodwhg Olwhudwxuh
Wklv dqdo|vlv surfhhgv iurp d glyhuvh olwhudwxuh1 Wkh frqfhsw ri vwudwhjlf frp0
sohphqwv dqg vxevwlwxwhv zdv lqwurgxfhg e| Exorz/ Jhdqdnrsorv/ dqg Nohp0
shuhu +4<;8,1 Wkh gh￿qlwlrq ri vwudwhjlf frpsohphqwv +vxevwlwxwhv, gl￿huv iurp
wkh vwdqgdug gh￿qlwlrq lq wkh hpskdvlv rq pdujlqdo udwkhu wkdq wrwdo sur￿w
lqfuhdvh +ghfuhdvh, zlwk wkh lqwurgxfwlrq ri qhz jrrgv1 Dq h{dpsoh zkhuh
￿upv suhihu wr hqwhu }hur sur￿w pdunhwv lv suhvhqwhg lq GhJuded +4<<9,1 Wkh
phfkdqlvp/ krzhyhu/ lv txlwh gl￿huhqw1 Wkdw dqdo|vlv ehjlqv zlwk d prgho ri
w|lqj edvhg rq Zklqvwrq*v +4<<3, frqwulexwlrq dqg uholhv rq ghfolqlqj dyhudjh
frvw fxuyhv wr idyru ￿upv zlwk lqfuhdvhg vdohv1 Rxu prgho pdnhv ohvv xvh ri
w|lqj 0 wkh frqvxpswlrq ghflvlrq iru erwk jrrgv lv yroxqwdu| dqg rqh pdunhw
pd| qhyhu sxufkdvh erwk jrrgv 0 dqg lqvwhdg uholhv rq wkh frqwhqw surylghu
pdunhw wr lqfuhdvh vdohv/ |lhoglqj gl￿huhqw vhoolqj dqg surgxfw ghvljq vwudwhjlhv1
Vkdslur dqg Yduldq +4<<<, glvfxvv wkh srvvlelolw| ri qhjdwlyh sulflqj wr sur￿w
lq frpsohphqwdu| pdunhwv1 Zh irupdoo| prgho zkhq wklv lv rswlpdo dqg krz d
wklug sduw|/ wkh frqwhqw fuhdwru/ frqwulexwhv ydoxh wr frqvxphuv1 Wkhvh vwudwh0
jlhv duh vlplodu wr dq h{wuhph irup ri surgxfw yhuvlrqlqj +Yduldq 4<<:,/ exw
lqfoxgh wkh ehqh￿w ri vwudwhjlf frpsohphqwv1 Wkh frpsohphqw lv prghohg diwhu
wkh qhwzrun h{whuqdolw| iudphzrun ri Ndw} dqg Vkdslur +4<;8,1 Wklv zrun dovr
dggv wr wkh zrun rq exqgolqj +Dgdpv dqg \hoohq 4<:9> Ednrv dqg Eu|qmroivvrq
4<<:> Qdohex￿ 4<<<, dqg pl{hg exqgolqj +Fkxdqj dqg Vluex 4<<:,1 Zkhuh
sulru uhvhdufk fkdudfwhul}hv wkh sur￿w prwlyhv iru exqgolqj lqirupdwlrq jrrgv
8lq prqrsrolvwlf dqg frpshwlwlyh +Id| dqg PdfNlh0Pdvrq 4<<<, vhwwlqjv/ wklv
zrun fkdudfwhul}hv wkh sur￿w prwlyhv iru xqexqgolqj lqirupdwlrq jrrgv1 Wkh
lqqrydwlrq lv wkdw zh duwlfxodwh wkh rssrvlwh hqg ri wkh vshfwuxp ri wdvwhv1 Wkh
exqgolqj olwhudwxuh irfxvhv rq olwwoh ru qhjdwlyh fruuhodwlrq lq frqvxphu wdvwhv>
lq frqwudvw/ wklv frqwulexwlrq irfxvhv rq vwurqj srvlwlyh fruuhodwlrq/ wkurxjk wkh
lqirupdwlrq surgxfw ghvljq ghflvlrq1
Wkh sdshu surfhhgv dv iroorzv1 Iluvw/ zh ghyhors d prgho ri frpsohphqwv1
Zh wkhq ￿qg wkh frqglwlrqv iru d vxevlg| pdunhw wr h{lvw dqg suryh xqltxhqhvv
lq d wzr pdunhw vhwwlqj1 Zh ghyhors d prgho ri roljrsro| frpshwlwlrq lq wkh
suhvhqfh ri furvv0pdunhw h{whuqdolwlhv dqg vkrz krz ￿upv fdq wdnh dgydqwdjh
ri erwk srvlwlyh dqg qhjdwlyh h{whuqdolwlhv1 Ilqdoo|/ zh h{soruh zkhq ￿upv
zloo ￿qg lw dgydqwdjhrxv wr glvdjjuhjdwh lqirupdwlrq jrrgv iru vdoh wr glvwlqfw
pdunhwv1
6 D Prgho ri Frpsohphqwv
Lq wklv vhfwlrq zh frqvlghu wkh txhvwlrq ri zk| d ￿up vkrxog vshqg uhvrxufhv
wr fuhdwh d surgxfw lw lqwhqgv wr glvwulexwh iru iuhh1 Gudzlqj rq frpsohphqwdu|
jrrgv pdunhwv zkhuh wkhuh duh ghpdqg hfrqrplhv ri vfdoh/ wkh prgho vkrzv
wkdw sduwlflsdwlqj lq d iuhh jrrgv pdunhw fdq eh sur￿w pd{lpl}lqj1
614 Pdunhwv
Zh frqvlghu wzr pdunhwv iru d jlyhq lqirupdwlrq surgxfw1 Wkh ￿uvw lv wkh
jhqhudo frqvxphu pdunhw +vxevfulsw f,1 Wkh vhfrqg pdunhw lv wkh mrlqw0surgxfhu
ru frqwhqw0fuhdwru pdunhw +vxevfulsw m,1 Exloglqj rq Ndw} dqg Vkdslur +4<;8,/
zh prgho hdfk frqvxphu*v zloolqjqhvv wr sd| dv d ixqfwlrq ri wkh wkhlu rzq
ydoxdwlrq dqg wkh qxpehu ri frqvxphuv lq wkh rwkhu pdunhw zkr ex|1
Wkh sdudphwhu T lv d erxqg rq wkh txdqwlw| sxufkdvhg dqg Y lv d erxqg
rq frqvxphuv* ydoxdwlrqv iru wkh surgxfw lq wkh devhqfh ri h{whuqdolwlhv1 Wkh
h{whuqdolw| whup hmf ghwhuplqhv krz pxfk ri dq lpsdfw sxufkdvhv lq wkh mrlqw0
9surgxfhu pdunhw kdyh rq wkh frqvxphu pdunhw1 Frqyhuvho|/ hfm ghwhuplqhv krz
pxfk ri dq lpsdfw sxufkdvhv lq wkh frqvxphu pdunhw kdyh rq wkh mrlqw0surgxfhu
pdunhw1 Lq rughu wr zrun zlwk olqhdu ghpdqg fxuyhv/ zh dvvxph wkdw srwhqwldo
frqvxphuv lq hdfk pdunhw kdyh d xqlirup glvwulexwlrq ri ydoxdwlrqv/ exw vkduh
wkhlu ydoxdwlrq ri wkh h{whuqdolw| iurp wkh dowhuqdwh pdunhw1 Wklv |lhogv wkh
sdlu ri vlpxowdqhrxv htxdwlrqv=
tf @ Tf .hmftm ￿
Tf
Yf
sf +4,
tm @ Tm .hfmtf ￿
Tm
Ym
sm +5,
Holplqdwlqj tl iurp wkh uljkw0kdqg0vlgh lq hdfk htxdwlrq ohdgv wr lqghshq0
ghqw irupxodh=
tf @
Tf . hmfTm
4 ￿ hfmhmf
￿
Tfsf
+4 ￿hfmhmf,Yf
￿
hmfTmsm
+4￿hfmhmf,Ym
+6,
tm @
Tm . hfmTf
4 ￿hfmhmf
￿
Tmsm
+4 ￿ hfmhmf,Ym
￿
hfmTfsf
+4 ￿ hfmhmf,Yf
+7,
Wr uhqghu wkh lqwhusuhwdwlrq phdqlqjixo/ zh lpsrvh wkh uhvwulfwlrq wkdw 4￿
hfmhmf A 3 lq rughu wkdw wkh qhwzrun h{whuqdolw| whupv frqwulexwh rqo| d ￿qlwh
dqg srvlwlyh dprxqw wr frqvxphu vxusoxv1
615 Prqrsro| Fkrlfh
Doorzlqj iru qhdu }hur pdujlqdo frvwv wr glvwulexwh dq lqirupdwlrq jrrg/ zh
fdq prgho wkh ￿upv sur￿w iru wkh exqgohg jrrg dv ￿ @ st1 Zkhq wkh ￿up
glvdjjuhjdwhv wkh surgxfw iru vdoh wr wzr gl￿huhqw pdunhwv/ wklv ehfrphv ￿ @
sftf .smtm1
:Wdnlqj ￿uvw0rughu frqglwlrqv ohdgv wr wkh iroorzlqj prqrsro| fkrlfhv iru sf
dqg sm=
s￿
f @
+hfmhmf ￿ 5,TfTmY 5
f Ym .hfmTfTmYfY 5
m ￿ hmfT5
mY 5
f Ym .h5
fmT5
fYfY 5
m
5+hfmhmf ￿5,TfTmYfYm . h5
fmT5
fY 5
m . h5
mfT5
mY 5
f
+8,
s￿
m @
+hfmhmf ￿ 5,TfTmYfY 5
m . hmfTfTmY 5
f Ym ￿ hfmT5
fYfY 5
m . h5
mfT5
mY 5
f Ym
5+hfmhmf ￿5,TfTmYfYm . h5
fmT5
fY 5
m . h5
mfT5
mY 5
f
+9,
Zh fdq xvh wkhvh sulfhv wr ghwhuplqh ￿￿ dv iroorzv=
￿￿ @
TfYf .TmYm . hfmTfYm . hmfTmYf
7 ￿
￿
h5
fmTfYm
TmYf .5 hfmhmf .
h5
mfTmYf
TfYm
￿ +:,
Lq mrlqwo| pd{lpl}lqj sulfhv ryhu erwk pdunhwv/ wkh qrupdo dvvxpswlrqv ri d
srvlwlyh ￿uvw ghulydwlyh dqg qhjdwlyh vhfrqg ghulydwlyh wkdw jxdudqwhh frqfdylw|
ehfrph wkh Khvvldq frqglwlrqv1 Lq wkh suhvhqw prgho/ wkh Khvvldq ri
3
C
￿
5￿
￿f5
￿
5￿
￿f￿m
￿5￿
￿m￿f
￿5￿
￿m5
4
D
|lhogv 7 ￿
￿
h5
fmTfYm
TmYf .5 hfmhmf .
h5
mfTmYf
TfYm
￿
A 31
Zh qrz lqwurgxfh d vlpsol￿fdwlrq1 Zh fdq pds wkh pd{lpxp ydoxhv/
txdqwlwlhv dqg wkh h{whuqdolw| whupv lqwr vxusoxv vsdfh dv iroorzv=
Vf @ TfYf
Vm @ TmYm
Vfm @ hfmTfYm
Vmf @ hmfTmYf
Zh fdq wkhq h{suhvv wkh rswlpdo sulfhv lq vxusoxv vsdfh=
s
￿
f @
Yf
￿
5VfVm ￿ VfmVmf .VmfVm ￿ V5
fm ￿VfmVm
￿
7VfVm ￿ +Vfm . Vmf,
5 +;,
s￿
m @
Ym
￿
5VfVm ￿ VfmVmf . VfmVf ￿ V5
mf ￿VmfVf
￿
7VfVm ￿ +Vfm .Vmf,
5 +<,
;D vlpsohu irup iru rswlpdo sur￿w fdq dovr eh h{suhvvhg lq vxusoxv vsdfh=
￿￿ @
VfVm +Vf . Vfm .Vmf . Vm,
7VfVm ￿+Vfm . Vmf,
5 +43,
Wkh vxusoxv vsdfh vlpsol￿fdwlrq surylghv d vrphzkdw pruh frqjhqldo h{0
suhvvlrq iru wkh Khvvldq uhvwulfwlrq dqg wkh ￿qlwh pdunhw uhvwulfwlrq=
7VfVm ￿+Vfm . Vmf,
5 A 3
4 ￿
VfmVmf
VfVm
A 3
Zh qrz lqwurgxfh d ohppd wr vkrz wkdw/ lq jhqhudo/ zh qhhg rqo| vdwlvi|
wkh Khvvldq frqglwlrq1
Ohppd 4 Wkh Khvvldq frqglwlrq vxevxphv wkh ￿qlwh pdunhw dvvxpswlrq1 Wkdw
lv 7VfVm ￿ +Vfm .Vmf,
5 A 3 |lhogv d wljkwhu erxqg wkdq 4￿
VfmVmf
VfVm A 31
Surri1 Uhzulwlqj wkh ￿qlwh pdunhw dvvxpswlrq/ zh kdyh VfVm AV fmVmf vr
fohduo| 7VfVm ￿7VfmVmf A 3= Wkxv zh pxvw vkrz
7VfVm ￿ +Vfm . Vmf,
5 ￿ 7VfVm ￿7VfmVmf
￿+Vfm . Vmf,
5 ￿￿ 7VfmVmf
￿V
5
fm ￿5VfmVmf ￿V
5
mf ￿￿ 7VfmVmf
￿+V5
fm ￿5VfmVmf .V5
mf, ￿ 3
￿+Vfm ￿ Vmf,
5 ￿ 3
zklfk lv wuxh iru doo ydoxhv ri Vfm dqg Vmf1 Lqghhg/ wkh lqhtxdolw| lv vwulfw iru
doo ydoxhv Vfm 9@ Vmf1
616 Wkh Fkrlfh ri d Iuhh Jrrgv Pdunhw
Fkrrvlqj dq rswlpdo sulfh sdlu lv d vwdqgdug pd{lpl}dwlrq sureohp lq sulfh
vsdfh1 Xvlqj htxdwlrqv 6 dqg 7 deryh/ zh fdq sorw sulfhv sf dqg sm vxfk wkdw
<pj
pc
pp cj £³
pp cj ££ pp cj ³£
pp cj ³³
Iljxuh 4= Irxu srvvleoh uhjlrqv= +4, fkdujh erwk frqvxphuv dqg mrlqw0surgxfhuv/
+5, fkdujh frqvxphuv/ vxevlgl}h mrlqw0surgxfhuv/ +6, vxevlgl}h erwk frqvxphuv
dqg mrlqw0surgxfhuv/ +7, vxevlgl}h frqvxphuv/ fkdujh mrlqw0surgxfhuv
txdqwlwlhv tf dqg tm duh qrq0qhjdwlyh dqg wkhq pd{lpl}h ￿ ryhu wklv frqyh{
uhjlrq1 Wkh iroorzlqj sorw looxvwudwhv wkh irxu uhjlrqv zkhuh L 0 erwk pdunhwv
duh fkdujhg srvlwlyh sulfhv/ LL 0 mrlqw surgxfhuv duh vxevlgl}hg zkloh frqvxphuv
duh fkdujhg srvlwlyh sulfhv/ LLL 0 frqvxphuv duh vxevlgl}hg zkloh mrlqw0surgxfhuv
duh fkdujhg srvlwlyh sulfhv1 Uhjlrq LY uhsuhvhqwv d vxevlg| wr erwk pdunhwv dqg
lv qhyhu sur￿w pd{lpl}lqj1
Lq jhqhudo/ wkh uhjlrq ri srvlwlyh txdqwlwlhv lv wkh duhd xqghu erwk sulfh
fxuyhv1 Wkh uhodwlyh pdunhw vl}hv / ydoxdwlrqv/ dqg qhwzrun h{whuqdolwlhv/ krz0
hyhu/ fdq jlyh ulvh wr gl￿huhqw frqyh{ uhjlrqv dqg rswlpdo sulfh fkrlfhv1
Lq wkh qh{w ￿jxuh/ zh sorw lvr0sur￿w fxuyhv lq wkh fdvh zkhuh wkh frqvxphu
pdunhw lv fkdujhg1
Lq wkh ￿jxuh deryh/ sur￿w lv lqfuhdvlqj dv wkh lvr0sur￿w fxuyhv pryh grzq0
zdug dqg wr wkh uljkw1 Lq sulqflsoh/ wkh pdunhwv duh v|pphwulf/ lpso|lqj wkdw
wkh fkrlfh ri iuhh dqg iduh jrrgv pdunhwv lv qrw reylrxv1 Dowkrxjk Iljxuh 5
vkrzv lvrsur￿w fxuyhv lqfuhdvlqj zlwk vxevlglhv wr pdunhw m/ urwdwlqj wkh sorw
43Iljxuh 5= Hqg frqvxphuv duh fkdujhg zkloh mrlqw0surgxfhuv duh vxevlgl}hg1
-@rswlpdo sulfh fkrlfh
durxqg wkh olqh |lhogv d pluuru lpdjh lq zklfk sur￿w lqfuhdvhv zlwk vxevlglhv wr
pdunhw f1 Lq sudfwlfh/ Dgreh fkdujhv iru glvwloohu lq wkh frqwhqw surylghu pdunhw
zkloh LG +sxeolvkhu ri wkh GRRP dqg Txdnh frpsxwhu jdphv, fkdujhv iru wkh
jdph sod|hu lq wkh hqg frqvxphu pdunhw1
Wkh ghflvlrq ri zklfk pdunhw wr vxevlgl}h +li dq|, dqg zklfk wr fkdujh uhvwv
rq Sursrvlwlrq 4 ehorz1 Iluvw/ zh lqwurgxfh d qhfhvvdu| ohppd1
Ohppd 5 Li frqvxphu sulfhv duh ohvv wkdq ru htxdo wr }hur/ lw pxvw eh wuxh
wkdw wkh frqvxphu pdunhw fuhdwhv pruh qhwzrun vxusoxv lq wkh frqwhqw0fuhdwru
pdunhw wkdq wkh frqwhqw0fuhdwru pdunhw fuhdwhv lq wkh frqvxphu pdunhw1 Wkdw
lv/ s￿
f ￿ 3 lpsolhv Vfm AV mf1
Surri1 Xvlqj wkh ￿qlwh pdunhw dvvxpswlrq/ zh ghulyh d frqwudglfwlrq iurp
wkh idfw wkdw sulfh frqvwudlqv wkh vxusoxv whupv lq wkh vwdwhg sursruwlrqv1 Vxevwl0
wxwlqj vxusoxv whupv lqwr wkh ￿qlwh pdunhw dvvxpswlrq lpsolhv wkdw 4￿
VfmVmf
VfVm A 3
ru udwkhu wkdw VfVm AV fmVmf1
E| wkh ￿uvw rughu frqglwlrqv/ s￿
f lv jlyhq e|=
Yf
￿
5VfVm ￿VfmVmf ￿ Vm +Vfm ￿Vmf, ￿ V5
fm
￿
7VfVm ￿+Vfm . Vmf,
5
dqg jlyhq wkdw s￿
f ￿ 3 wkh qxphudwru pxvw eh ? 3 vr zh kdyh
5VfVm ￿ VfmVmf ?V m +Vfm ￿Vmf,.V5
fm
44Ehfdxvh VfmVmf ?V fVm/ zh kdyh wkh ixuwkhu lpsolfdwlrq wkdw
5VfmVmf ￿VfmVmf ? 5VfVm ￿ VfmVmf ?V m +Vfm ￿Vmf,.V5
fm
VfmVmf ?V m +Vfm ￿ Vmf,.V5
fm
VfmVmf ￿ V5
fm ?V m +Vfm ￿ Vmf,
Vfm+Vmf ￿ Vfm, ?V m +Vfm ￿ Vmf,
Erwk vxusoxv whupv Vfm dqg Vm duh srvlwlyh1 Wkxv doorzlqj Vfm ?V mf ohdgv
wr wkh frqwudglfwlrq wkdw d srvlwlyh qxpehu lv ohvv wkdq d qhjdwlyh qxpehu iurp
zklfk lw iroorzv wkdw Vfm AV mf1 Lqwxlwlyho|/ wkh iuhh jrrgv pdunhw pxvw fuhdwh
pruh qhwzrun vxusoxv lq wkh iduh jrrgv pdunhw wkdq ylfh yhuvd lq rughu wr mxvwli|
wkh vxevlg|1
Sursrvlwlrq 4 D iuhh jrrgv pdunhw h{lvwv iru rqh ri wzr pdunhwv olqnhg e|
srvlwlyh qhwzrun h{whuqdolw| whupv zkhq rqh ri wkh iroorzlqj pxwxdoo| h{foxvlyh
frqglwlrqv krogv1
Frqvxphu Pdunhw lv Vxevlgl}hg=
5VfVm
VfmVmf .Vm +Vfm ￿ Vmf,.V5
fm
? 4
Frqwhqw0Fuhdwru Pdunhw lv Vxevlgl}hg=
5VfVm
VfmVmf . Vf +Vmf ￿ Vfm,.V5
mf
? 4
Surri1 Wkh udwlrv iroorz gluhfwo| iurp wkh rswlpdo sulfhv dqg wkh Khvvldq
frqglwlrq1 Zh qrz hvwdeolvk wkdw rqo| rqh pdunhw fdq eh vxevlgl}hg dw d wlph1
Wr gr wklv/ zh dvvxph wkdw rqh pdunhw lv vxevlgl}hg dqg wkhq ghulyh d frqwud0
glfwlrq wr wkh srvvlelolw| xvlqj wkh Khvvldq Frqglwlrq1
45Dvvxph s￿
f ? 31 Wkhq e| wkh whvw frqglwlrq zh nqrz wkdw=
5VfVm ?V fmVmf . Vm +Vfm ￿Vmf,.V
5
fm
5VfVm ￿ VfmVmf ?V m +Vfm ￿Vmf,.V5
fm
Wkh Khvvldq Frqglwlrq lpsolhv wkdw=
3 ? 7VfVm ￿+Vfm . Vmf,
5
V5
fm .5VfmVmf .V5
mf ? 7VfVm
V5
fm .V5
mf
5
? 5VfVm ￿VfmVmf
Frpelqh deryh wzr lqhtxdolwlhv=
V5
fm . V5
mf
5
? 5VfVm ￿ VfmVmf ?V m +Vfm ￿Vmf,.V5
fm
Iurp wkh ghulydwlrq ri s￿
m/ wkh lqhtxdolw| Vf +Vmf ￿Vfm,.V5
mf ? 5VfVm ￿ VfmVmf
lpsolhv wkdw s￿
m A 3=
Wr yhuli| wklv whvw/ zh fdq vkrz wkdw wkh ohiwkdqg vlgh lv vpdoohu wkdq
V5
fm.V5
mf
5
ru wkdw
Vf +Vmf ￿Vfm,.V
5
mf ?
V5
fm .V5
mf
5
5Vf +Vmf ￿Vfm,.5 V5
mf ?V 5
fm . V5
mf
5Vf +Vmf ￿ Vfm, ?V 5
fm ￿ V5
mf
￿5Vf +Vfm ￿ Vmf, ? +Vfm . Vmf,+Vfm ￿Vmf,
46Vlqfh s￿
f ? 3 e| dvvxpswlrq/ Ohppd 5 vwdwhv wkdw +Vfm ￿Vmf, A 3/ vkrzlqj
wkdw wkh deryh lqhtxdolw| krogv dqg wkdw rqo| rqh ri wkh wzr whvw frqglwlrqv fdq
eh wuxh1
7 Ilup Frpshwlwlrq
Lq wklv vhfwlrq/ zh frqvlghu d gxrsro| pdunhw dqg vkrz zk| d ￿up pljkw yro0
xqwdulo| hqjdjh lq Ehuwudqg/ xqgl￿huhqwldwhg surgxfw/ sulfh frpshwlwlrq wkdw
irufhv sur￿wv wr }hur lq rqh pdunhw vhjphqw1 Wkh surgxfw frpsohphqw fdq eh
xvhg dv d fuhgleoh wkuhdw wr hqwhu lqwr d pdunhw zkhuh frqglwlrqv iroorzlqj hqwu|
zrxog dujxh djdlqvw d ￿up*v delolw| wr pdlqwdlq lwv srvlwlrq1
Wkh ￿uvw frpshwlwlyh prgho h{whqgv wkh iudphzrun ri wkh suhylrxv vhfwlrq
wr vkrz krz d ￿up suhihuv wr vhhn pdunhw vkduh lq rqh pdunhw/ zkloh uhdslqj
wkh qhwzrun h{whuqdolw| ehqh￿w lq wkh frpsohphqwdu| jrrgv pdunhw1 Dq|
lqfxpehqw ￿up idfhv wkh survshfw ri frpshwlwlrq iurp d ￿up zloolqj wr sulfh
dw }hur ru ehorz wr jdlq pdunhw vkduh1 Plfurvriw*v zloolqjqhvv wr sulfh Lqwhuqhw
H{soruhu dw }hur surylghv d prwlydwlqj h{dpsoh1 Zlwk dffhvv wr vrxufh frgh
iurp Plfurvriw*v rwkhu dssolfdwlrqv/ Lqwhuqhw H{soruhu glvsod|hg vljql￿fdqwo|
juhdwhu frpsdwlelolw| zlwk Srzhusrlqw/ Zrug/ H{fho/ dqg IurqwSdjh wkdq glg
Qhwvfdsh1 Lq idfw/ Lqwhuqhw H{soruhu frxog gluhfwo| glvsod| Srzhusrlqw volghv
zlwkrxw prgl￿fdwlrq frpsohwh zlwk dqlpdwlrq1 Lw frxog dovr gluhfwo| wudqvihu
wdeohv glvsod|hg lq KWPO irupdw wr H{fho1
714 Frpsohphqwv dqg Srvlwlyh Qhwzrun H{whuqdolwlhv
Zh djdlq frqvlghu wzr pdunhwv iru d jlyhq lqirupdwlrq surgxfw1 Wkh ￿uvw pdunhw
kdv dq lqfxpehqw prqrsro| Ilup L1 Zh dvvxph wkdw Ilup L rqo| sduwlflsdwhv
lq pdunhw 41 Dq hqwudqw/ IlupH/ kdv wkh rswlrq ri hqwhulqj pdunhw 4 zlwk d
}hur0pdujlqdo0frvw surgxfw1 Wklv pdunhw lv frpsohphqwdu| wr d vhfrqg pdunhw
lq zklfk Ilup H sduwlflsdwhv vr wkdw h45 A 31 Iru vlpsolflw|/ wkh vhfrqg pdunhw
lv qrw frpsohphqwdu| wr wkh ￿uvw ￿ wklv zrxog rqo| vwuhqjwkhq IlupH*v srvlwlrq
47￿ vr wkh h{whuqdolw| lv prghohg dv h54 @3 1L qp d u n h w4/ zh dgrsw wkh vwdqgdug
prgho ri olqhdu surgxfw gl￿huhqwldwlrq gxh wr Krwhoolqj +4<5<{{{, dv ghvfulehg
lq Wluroh*v 4<;;{{{ wh{w zlwk txdgudwlf frvwv1 Lq pdunhw 5/ zh lqwurgxfh d
qhwzrun h{whuqdolw| vslooryhu h￿hfw iurp wkh suhylrxv vhfwlrq1
Frpshwlwlrq lq Pdunhw 4 IlupHhqwhuv pdunhw 4 zlwk d fkrlfh ri surgxfw
orfdwlrq1 IlupvLdqg H wkhq hqjdjh lq sulfh frpshwlwlrq zkloh IlupH hqmr|v
d prqrsro| srvlwlrq lq pdunhw 51 Ilup L3v surgxfw srvlwlrq lv ghqrwhg e| d
dqg IlupH3v surgxfw srvlwlrq lv ghqrwhg e1 Iroorzlqj Wluroh +4<;;,/ wkh frvw
wr frqvxphuv ri sxufkdvlqj d surgxfw ulvhv dw wkh udwh w ￿ {5 zkhuh { phdvxuhv
wkh jds ehwzhhq wkh frqvxphu*v lghdo surgxfw dqg wkh orfdwlrq ri wkh ￿up*v
r￿hulqj1 Wkh frvw frh!flhqw w lv dovr dvvxphg wr eh vpdoo hqrxjk wkdw wkh
pdunhw lv ixoo| fryhuhg1 Rwkhuzlvh/ ￿upv frxog srvlwlrq wkhpvhoyhv idu dsduw
wr h￿hfwlyho| sduwlflsdwh lq frpsohwho| vhsdudwh pdunhwv1 Zlwk uhvshfw wr wkhlu
surgxfw suhihuhqfhv/ frqvxphuv duh dvvxphg wr eh xqlirupo| glvwulexwhg ryhu
wkh lqwhuydo ^3>4‘ dqg wkh| vkduh d frpprq zloolqjqhvv wr sd| iru d jrrg wkdw
phhwv wkhlu qhhgv1 Wkh ghpdqg iru dq| jrrg glvwulexwhg lq wklv uhjlrq fdq eh
irxqg e| ghwhuplqlqj hdfk ￿up*v sulfh dqg surgxfw orfdwlrq glv0xwlolw| fxuyh1
Wkh lqgl￿huhqw frqvxphu kdv htxdo vxusoxv iurp hlwkhu ￿up1 Prylqj lq hlwkhu
gluhfwlrq pdnhv rqh ￿up*v r￿hulqj suhihudeoh wr wkh rwkhu ￿up*v fxvwrphuv1 Wklv
lv ghslfwhg judsklfdoo| lq Iljxuh 61
Wkh srlqw dw zklfk d frqvxphu lv lqgl￿huhqw ehwzhhq wkh surgxfw r￿huhg e|
IlupL dqg Ilup H lv ghqrwhg e| { lq Iljxuh 51 IlupHzlqv frqvxphuv zlwk
suhihuhqfhv rq wkh lqwhuydo ^3>{, zkloh IlupL jhwv frqvxphuv zlwk suhihuhqfhv
rq +{>4‘1
Ghqrwlqj wkh ￿up zlwk d vxshuvfulsw/ txdqwlwlhv lq pdunhw 4 duh ghwhuplqhg
e| wkh iroorzlqj vhw ri htxdwlrqv=
48P 1
B + t(x - b)
2 P 1
A + t(x - a)
2
Firm B (entrant)
market share
Firm A (incumbent)
market share
x
Iljxuh 6= Wkh doorfdwlrq ri pdunhw vkduh ghshqgv rq wkh fkrlfh ri orfdwlrq dqg
sulfh1 Hdfk ￿up zlqv wkrvh frqvxphuv forvhvw wr lwv surgxfw r￿hulqj xs wr wkh
srlqw ri lqgl￿huhqfh/ {1
{ @
sL
4 ￿ sH
4 .d5w ￿ e5w
5dw ￿ 5ew
+44,
tL
4 @ T4+4 ￿{, +45,
tH
4 @ T4{ +46,
Sur￿wv lq pdunhw 4 duh ghwhuplqhg e| wkh vwdqgdug fkrlfh ri sulfh wlphv txdq0
wlw|=
￿L
4 @ sL
4T4+4 ￿{, +47,
￿H
4 @ sH
4 T4{ +48,
Prqrsro| lq Pdunhw 5 Zh uhwdlq wkh h{whuqdolw| h￿hfw lq pdunhw 5 vr wkdw
txdqwlw| lv ghwhuplqhg e| wkh ruljlqdo htxdwlrq=
tH
5 @ T5 .h45tH
4 ￿
T5
Y5
sH
5 +49,
Soxjjlqj lq tH
4 iurp deryh |lhogv wkh sur￿w ixqfwlrq lq pdunhw 5=
49￿H
5 @ sH
5
￿
T5 . h45{T4 ￿
T5
Y5
sH
5
￿
+4:,
Vlqfh sulfhv lq pdunhw 4 duh ghwhuplqhg hqgrjhqrxvo| e| wkh ohyho ri surgxfw
gl￿huhqwldwlrq/ ru fkrlfh ri orfdwlrq/ wkh hqwudqw dqwlflsdwhv wkh lqfxpehqw*vehvw
uhvsrqvh dqg xvhv wklv wr fkrrvh orfdwlrq1 Wkh qxpehu ri frqvxphuv lq wkh ￿uvw
pdunhw wkhq lq xhqfh frqvxpswlrq lq wkh hqwudqw*v vhfrqg pdunhw1 Wkxv zh
xvh wkh vroxwlrq frqfhsw ri d vxejdph shuihfw Qdvk htxloleulxp wr vroyh iru
Ilup H*v orfdwlrq dqg Ilup L*v sulfh lq pdunhw 4 ehiruh fkrrvlqj Ilup H*v
rswlpdo sulfh lq pdunhw 51
Jlyhq orfdwlrqv/ wkh ehvw uhvsrqvh htxloleulxp sulfhv iru pdunhw 4 duh=
sL￿
4 @
4
6
￿
7dw ￿ d5w ￿ 7ew .e5w
￿
+4;,
sH￿
4 @
4
6
￿
5dw ￿ d5w ￿ 5ew .e5w
￿
+4<,
Frpelqlqj htxdwlrqv 48 dqg 4:/ IlupH*v wrwdo sur￿w ixqfwlrq lv=
￿H @ sH
4 T4{ . sH
5
￿
T5 .h45{T4 ￿
T5
Y5
sH
5
￿
+53,
Lqvhuwlqj wkh srlqw ri lqwhuvhfwlrq { dqg wkh rswlpdo sulflqj htxdwlrqv 4; dqg
4< lqwr wklv sur￿w ixqfwlrq doorzv IlupHwr rswlpl}h erwk lwv fkrlfh ri orfdwlrq
lq pdunhw 4 dqg lwv sulflqj ghflvlrq lq pdunhw 51 Vxssuhvvlqj wkh dojheud/ wkhvh
fkrlfhv duh jlyhq e| wkh h{suhvvlrqv=
e￿ @
h5
45T4Y5 ￿ +7 . d,;wT5 . }
57wT5
+54,
s
H￿
5 @
Y5
￿
477wT5 . h6
45T5
4Y5 .h45T4 +49wT5 +4 . d,.},
￿
5;;wT5
5
+55,
zkhuh } @
y x x x w
589+4 .d,5w5T5
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65h45wT5Y5 ++4 .d,h45T4 .< T5,.h7
45T5
4Y 5
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+56,
4:Sursrvlwlrq 5 D ￿up pd| yroxqwdulo| hqwhu lqwr Ehuwudqg/ ru xqgl￿huhqwldwhg
jrrgv/ sulfh frpshwlwlrq lq pdunhw 4 li lw hqmr|v d prqrsro| frpsohphqw lq
pdunhw 51
Zh r￿hu d qxphulfdo h{dpsoh wr looxvwudwh wkh vxejdph shuihfw Qdvk htxl0
oleulxp iurp Sursrvlwlrq {{{1 Zkhq Ilup L lv d prqrsrolvw lq pdunhw 4/
lw fkrrvhv d orfdwlrq dw wkh plg0srlqw ri surgxfw vsdfh wr fdswxuh pd{lpxp
pdunhw ghpdqg zlwk plqlpxp frvw/ vr ohw IlupL*v orfdwlrq eh jlyhq e| d @ 4
51
Wkhq ohw w @ 4
7/ h45 @4 / Y5 @4 / T4 @4 / T5 @4 1 Soxjjlqj wkhvh ydoxhv lqwr
wkh irupxodh iru rswlpdo sulfh dqg orfdwlrq ohdgv wr=
e￿ @
4
5
>s H￿
5 @
6
7
>￿H @
<
49
+57,
Dv d fkhfn/ zh qrwh wkdw wkh sulfh irupxodv lq pdunhw 4 iru wkhvh sdudphwhu
ydoxhv lpso| sH
4 @ sL
4 @ ￿L @3 1 Pruhryhu/ wzr lqghshqghqw ￿upv sulflqj wkh
frpsohphqwdu| jrrgv/ ru d p|rslf lqwhjudwhg ￿up/ zrxog kdyh fkrvhq e￿ @3 /
ohdglqj wr frpelqhg sur￿wv ri rqo| =835 yhuvxv =896 iru rswlpdo fkrlfhv/ d 45(/
lpsuryhphqw ryhu wkh lqghshqghqw fkrlfhv1
Wklv lpsolhv wkdw d ￿up zloo zloolqjo| iruhjr sur￿wv lq rqh pdunhw wkdw lw
fdq pruh wkdq uhfryhu iurp d vhfrqg pdunhw1 Lw ixuwkhu lpsolhv wkdw Ilup H
fdq vxvwdlq sulfh frpshwlwlrq lqgh￿qlwho| dqg frxog/ lq idfw/ vxvwdlq orvvhv xs wr
wkh dprxqw ri dgglwlrqdo sur￿w lq pdunhw 51 Iru wkh lqfxpehqw wklv frxog ohdg
wr pdunhw iruhforvxuh1 Lq wkh devhqfh ri lwv rzq frpsohphqwdu| jrrg/ IlupL
hduqv vwulfwo| }hur sur￿w rq vdohv dqg lw orvhv lwv vxqn frvwv1
Li IlupL dqwlflsdwhv H*v hqwu|/ IlupL zloo qrw hqwhu wkh pdunhw dvvxplqj
lwv surgxfw uhtxluhv dq lqlwldo lqyhvwphqw ehfdxvh wkhvh frvwv duh qhyhu uhfry0
huhg1 IlupL frxog vriwhq sulfh frpshwlwlrq e| fkrrvlqj rqh hqg ri wkh surgxfw
vshfwuxp exw wklv pd| eh lqvx!flhqw wr dyrlg wkh h￿hfwv ri d sulfh zdu1 IlupH
lv vhhnlqj pdunhw vkduh qrw sur￿wv lq Ilup L*v pdunhw1 Uhjdugohvv ri wkh lq0
fxpehqw*v fkrlfh ri orfdwlrq/wkh hqwudqw fdq pd{lpl}h pdunhw vkduh e| fkrrvlqj
d orfdwlrq % wr wkh ohiw ru uljkw ri IlupL1 Lq idfw/ wkh xvxdo vroxwlrq ri hvfdslqj
frpshwlwlrq e| fkrrvlqj d @4ru 3 frxog fhgh wkh hqwluh pdunhw wr wkh hqwudqw
4;zkr fkrrvhv e @4￿% ru 3.% vr wkdw d @ 4
5 lv wkh pruh frqvhuydwlyh vroxwlrq1
Zkhwkhu wklv lv vx!flhqw uhdvrq iru L wr eh lq wkh pdunhw wkhq klqjhv rq wkh
uhodwlyh sdudphwhuv wkdw jryhuq dyrlgdqfh/ dffrpprgdwlrq/ dqg h{lw1
Iru lqirupdwlrq jrrgv/ dyhudjh frvw fxuyhv duh ghfolqlqj gxh wr wkh kljk
￿uvw frs| dqg orz dgglwlrqdo frs| frvwv1 Wkxv vfdoh lv lpsruwdqw wr uhpdlqlqj
sur￿wdeoh1 Lq dq| fdvh/ lw vkrxog eh fohdu wkdw wkh h{lvwhqfh ri d frpsohphqwdu|
jrrgv pdunhw pdnhv H vljql￿fdqwo| pruh djjuhvvlyh1
715 Vxevwlwxwhv dqg Qhjdwlyh Qhwzrun H{whuqdolwlhv
Lq wklv vhfwlrq/ zh lqwurgxfh wkh lghd ri vwudwhjlf vxevwlwxwhv yld d qhjdwlyh h{0
whuqdolw| dfurvv pdunhwv1 Dv d prwlydwlqj h{dpsoh/ zh frqvlghu wkh lq xhqfh
wkdw lqfoxglqj d Mdyd uxqwlph hqylurqphqw lq Qhwvfdsh kdg rq ghpdqg iru wkh
Zlqgrzv rshudwlqj v|vwhp1 Wkh ruljlqdo lqwhqw ri Mdyd/ dv fkdudfwhul}hg e| lwv
ghyhorshuv dw Vxq Plfurv|vwhpv/ zdv wr fuhdwh d ￿zulwh rqfh/ uxq dq|zkhuh￿
hqylurqphqw1 Wkh sursrvhg phfkdqlvp zdv wr lqfoxgh qxphurxv dssolfdwlrqv
surjudpplqj lqwhuidfhv +DSLv, wkdw zrxog doorz surjudpphuv gluhfw dffhvv wr
wkh kdugzduh xqphgldwhg e| wkh rshudwlqj v|vwhp xqghuqhdwk wkh eurzvhu1 Ds0
solfdwlrqv frxog wkhq eh zulwwhq wkdw frxog uxq dfurvv glyhuvh dqg lqghshqghqw
sodwirupv +XV yv1 Plfurvriw ￿ Ilqglqjv ri Idfw1 Qry1 8 4<<<,1 Dowkrxjk wkh
eurzvhu dqg rshudwlqj v|vwhp zhuh qrw gluhfw vxevwlwxwhv ￿ wkh eurzvhu vwloo
uhtxluhg dq xqghuo|lqj RV ￿ wkh xvh ri Qhwvfdsh iuhhg frqvxphuv wr fkrrvh dq
rshudwlqj v|vwhp zlwk ohvv uhjdug iru wkh vl}h ri wkh dssolfdwlrqv lqvwdoohg edvh1
Wklv pljkw ￿frpprglwl}h￿ wkh rshudwlqj v|vwhp1 Wkh rzqhu ri wkh rshudwlqj
v|vwhp pljkw wkhq kdyh dq lqfhqwlyh wr suhyhqw jurzwk lq pdunhw vkduh ri wkh
lqgluhfwo| frpshwlqj surgxfw1
Zh fdq prgho wkh qhjdwlyh vslooryhuv xvlqj wkh iudphzrun ri wkh suhylrxv
vhfwlrq1 Djdlq/ zh exlog rq Krwhoolqj*v gxrsro| prgho ri gl￿huhqwldwhg surgxfwv
lq zklfk wkh fkrlfh ri surgxfw orfdwlrqv ghwhuplqhv htxloleulxp sulfhv1 Wkh
lqfxpehqw lq pdunhw 4/ IlupL/ pxvw uhvsrqg wr wkh fkrlfh ri surgxfw orfdwlrq
e| wkh hqwudqw/ IlupH/ zkr dqwlflsdwhv wklv uhvsrqvh lq ghwhuplqlqj wkh ehvw
4<orfdwlrq1 H{dfwo| dv ehiruh/ rswlpdo sulfhv duh jlyhq e|
sL￿
4 @
w
6
+7￿d ￿ e,+d ￿e, +58,
sH￿
4 @
w
6
+5.d . e,+d ￿e, +59,
Vlploduo|/ wkh srlqw ri lqwhuvhfwlrq lv { @
s
L
4￿s
H
4 .w+d
5￿e
5,
5w+d￿e, zlwk txdqwlwlhv wr
hdfk ￿up jlyhq e| tL
4 @ T4+4 ￿ {, dqg tH
4 @ T4{ uhvshfwlyho|1
Djdlq/ IlupH hqmr|v d prqrsro| srvlwlrq lq pdunhw 5 exw wklv vhfrqg
surgxfw lv qhjdwlyho| d￿hfwhg e| vdohv ri wkh lqfxpehqw*v surgxfw lq pdunhw 41
Wkdw lv/ zh fdq prgho wkh lq xhqfh ri vdohv lq pdunhw 4 rq vdohv ri wkh frpshwlqj
￿up lq pdunhw 5 dv dq lqwhu0￿up h{whuqdolw|1 Xvlqj vxshuvfulswv wr ghqrwh
￿upv/ ohw Ilup L*v vdohv lq pdunhw 4 uhgxfh IlupH*v vdohv lq pdunhw 5/ vr wkdw
hLH
45 ? 31 Lq wkh odvw vhfwlrq/ zh vkrzhg wkdw dq rzqhg jrrg h{whuqdolw|/ hHH
45 A 3
fdq eh xvhg wr prwlydwh iuhh sulflqj lq wkh frpshwlwru*v pdunhw1 Wr kljkoljkw
wkh lpsruwdqfh ri wklv qhz h￿hfw/ zh vhw rzqhg jrrg h{whuqdolw| hHH
45 @3dqg
vkrz wkdw wkh vdph zloolqjqhvv wr hqwhu lqwr Ehuwudqg frpshwlwlrq krogv iru d
ixqgdphqwdoo| gl￿huhqw uhdvrq/ qdpho|/ plwljdwlqj wkh orvv ri vdohv lq d idyruhg
pdunhw1 Uhwdlqlqj wkh srvlwlyh vhqvh ri wkh h{whuqdolw|/ Ilup L*v vdohv lq pdunhw
4 qhjdwlyho| d￿hfw Ilup H*v vdohv lq pdunhw 5 |lhoglqj wkh iroorzlqj htxdwlrq
t
H
5 @ T5 ￿ h
LH
45 t
L
4 ￿
T5
Y5
s
H
5 +5:,
Wkh qhz wrwdo sur￿w htxdwlrq wkhq ehfrphv
￿H @ sH
4 T4{ . sH
5
￿
T5 ￿h45T4+4 ￿ {, ￿
T5
Y5
sH
5
￿
+5;,
IlupH djdlq idfhv d vxejdph shuihfw Qdvk htxloleulxp ghflvlrq1 E|
frpplwlqj wr d orfdwlrq lq pdunhw 4/ lw nqrzv Ilup L pxvw uhvsrqg1 Lw
wkhuhiruh jhwv wr fkrrvh e lq pdunhw 4 nqrzlqj wkdw wklv lq xhqfhv sulfh dqg
53sur￿wv lq pdunhw 51 Vxevwlwxwlqj iru {/ wkh srlqw ri lqwhuvhfwlrq/ dqg iru rswlpdo
pdunhw 4 uhvsrqvhv sL￿
4 dqg sH￿
4 / Ilup H vhohfwv e￿ dqg sH￿
5 1 Vxssuhvvlqj wkh
dojheud/ wkhvh duh jlyhq e|
e￿ @
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57wT5
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sH￿
5 @
Y5
￿
477wT5
5 . h6
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Sursrvlwlrq 6 D ￿up pd| yroxqwdulo| hqwhu lqwr Ehuwudqg/ ru xqgl￿huhqwldwhg
jrrgv/ sulfh frpshwlwlrq lq pdunhw 4 li lw idfhv d wkuhdwhqhg prqrsro| lq pdunhw
51
Wr looxvwudwh wkh lqgluhfw wkuhdw iurp wkh furvv pdunhw h{whuqdolw|/ ohw d @ 4
5/
w @ 4
45/ h45 @4 / Y5 @4 / T4 @4 / T5 @4 1 Soxjjlqj wkhvh ydoxhv lqwr wkh
irupxodh iru rswlpdo sulfh dqg orfdwlrq wkhq ohdgv wr=
e￿ @
4
5
>s H￿
5 @
4
7
>￿H @
4
49
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Dv d fkhfn/ zh qrwh wkdw wkh sulfh irupxodv lq pdunhw 4 iru wkhvh sdudphwhu
ydoxhv lpso| sH
4 @ sL
4 @ ￿L @3 1
Wkh looxvwudwlrq lq d exvlqhvv vhwwlqj lv vwudljkwiruzdug1 E| lqfoxglqj Vxq*v
Mdyd yluwxdo pdfklqh lq Qdyljdwru/ Qhwvfdsh wkuhdwhqhg wr frpprglwl}h rshu0
dwlqj v|vwhpv dqg/ hyhq wkrxjk lw zdv qrw d gluhfw wkuhdw/ plqlpl}lqj Qhwvfdsh
pdunhw vkduh ehfdph dq lpsruwdqw jrdo1
Plfurvriw zrxog qrw kdyh jlyhq LH dzd| / qru zrxog lw kdyh
wdnhq rq wkh kljk frvw ri hqolvwlqj ￿upv lq lwv fdpsdljq wr pd{lpl}h
LHv xvdjh vkduh dqg olplw Qdyljdwruv/ kdg lw qrw ehhq irfxvhg rq
surwhfwlqj wkh dssolfdwlrqv eduulhu ^wr lwv rshudwlqj v|vwhp‘1 Mxgjh
Wkrpdv Shq￿hog Mdfnvrq/ Ilqglqjv ri Idfw 44080<<
548 H{whqvlrqv
Vwudwhjlf Surgxfw Ghvljq
Lq wklv vhfwlrq zh frqvlghu wkh txhvwlrq ri zk| d ￿up vkrxog vshqg dgglwlrqdo
uhvrxufhv wr fuhdwh pxowlsoh yhuvlrqv ri d surgxfw iru vdoh wr gl￿huhqw pdunhwv1
Yduldq +4<<:, frqvlghuv wkh fdvh ri yhuvlrqlqj lqirupdwlrq jrrgv e| txdolw| dqg
ihdwxuhv zkhuh ￿upv lqgxfh frqvxphuv wr vruw wkhpvhoyhv dffruglqj wr wkhlu
sulydwh ydoxdwlrqv1 Zh duh lqwhuhvwhg lq wkh fdvh zkhuh srvlwlyh h{whuqdolwlhv
dfurvv wzr pdunhwv ohdg ￿upv wr ghvljq frpsohphqwdu| surgxfwv1 Lq wklv fdvh/
xqexqgolqj fdq ehfrph d grplqdqw vwudwhj|1
Li zh dvvxph d vlqjoh sulfh dfurvv wzr pdunhwv iru d exqgohg lqirupdwlrq
jrrg/ wkhq d prqrsrolvw fkrrvhv sulfh dqg hduqv sur￿w dv iroorzv=
s￿
e @
++4.hfm,Tf .+4.hmf,Tm,YfYm
5++4 . hfm,TfYm .+4.hmf,TmYf,
+66,
￿￿
e @
++4 . hfm,Tf .+4.hmf,Tm,
5 YfYm
5+hfmhmf ￿ 4,++4 . hfm,TfYm .+4.hmf,TmYf,
+67,
Zh vkrzhg deryh wkdw wkh rswlpdo xqexqgohg sur￿w zkhq sulfhv duh fkrvhq
lqghshqghqwo| iru hdfk pdunhw lv=
￿￿
x @
TfYf .TmYm .hfmTfYm .hmfTmYf
7 ￿
￿
h5
fmTfYm
TmYf .5hfmhmf .
h5
mfTmYf
TfYm
￿
Lq wkh frqwh{w ri srvlwlyh furvv0pdunhw qhwzrun h{whuqdolwlhv/ zh qrz vkrz
wkdw lq wkh frqyh{ uhjlrqv ri lqwhuhvw gh￿qhg e| wkh Khvvldq uhvwulfwlrq glvdj0
juhjdwlrq grplqdwhv1
Sursrvlwlrq 7 Zkhq ghpdqgv dfurvv pdunhwv h{klelw srvlwlyh furvv0h{whuqdolwlhv/
d prqrsrolvw fdq hduq vwulfwo| juhdwhu sur￿w e| xqexqgolqj d }hur0pdujlqdo0frvw
jrrg iru vdoh wr hdfk pdunhw dw lqghshqghqw sulfhv wkdq e| vhoolqj rqh surgxfw
wr erwk pdunhwv dw d vlqjoh sulfh1
Surri1 Wr vlpsoli| wkh htxdwlrqv/ zh irfxv rq wkh uhodwlyh pdunhw vl}hv1
Ohw=
55Yf @ ￿Y>Ym @ Y>Tf @ T>Tm @ %T>￿ A 3>%A3
Wkhq/
￿￿
x ￿ ￿￿
e @
4
7
TY ￿
#
7%+￿ .% .hfm . ￿%hmf,
7￿%￿+hfm . ￿%hmf,
5 ￿
+4 . % .hfm .%hmf,
5
+4 .￿%.hfm . ￿%hmf,+4￿hfmhmf,
$
Doo whupv duh srvlwlyh e| wkh Khvvldq frqglwlrq dqg wkh ￿qlwh pdunhw dv0
vxpswlrq1 Furvv0pxowlso| wr ghyhors wkh iroorzlqj frpsdulvrq=
Surri1
7%+￿ . %. hfm .￿%hmf,+4.￿%. hfm .￿%hmf,+4￿hfmhmf, ￿
+4 .% .hfm . %hmf,
5 ￿
7￿%￿+hfm . ￿%hmf,
5￿
Xqexqgolqj grplqdwhv zkhq wklv h{suhvvlrq lv srvlwlyh1 Lq idfw/ wklv h{suhv0
vlrq vlpsol￿hv wr d shuihfw vtxduh=
￿
5 ￿5%.5 ￿ ￿h5
fm . hmf+4.￿,+4.%. %hmf,.hfm +hmf+% ￿￿ ￿4, ￿ 4 ￿%,
￿5
^Dxwkruv Qrwh= Wklv surri uholhv rq wkh uhvwulfwlyh fdvh wkdw frqvxphuv lq rqh
pdunhw sodfh qr ydoxh rq surgxfwv vrog lq wkh rwkhu pdunhw1 Wklv pljkw eh wuxh lq
rqh gluhfwlrq iru surgxfwv vxfk dv Dgreh H{fkdqjh vlqfh d kljk ixqfwlrqdolw| yhuvlrq
ri Dfuredw Uhdghu lv lqfoxghg zlwk wkh sdfndjh +dorqj zlwk Glvwloohu zklfk lv xvhg wr
fuhdwh sgi ￿ohv,/ vr wkdw frqvxphuv zrxog kdyh qr qhhg ri wkh iuhh Dfuredw Uhdghu
surgxfw1 Krzhyhu/ lw lv suredeo| idovh lq wkh rssrvlwh gluhfwlrq vlqfh lw lv xqolnho|
wkdw doo frqvxphuv ri Dfuredw Uhdghu sodfh d }hur ydoxh rq wkh ixoo ihdwxuhg Dgreh
H{fkdqjh surgxfw1 Zh duh h{sorulqj vroxwlrqv xvlqj d exqgolqj dqdo|vlv edvhg rq
Qdohex￿ +4<<<, wr uhod{ wklv dvvxpswlrq1‘
569 Ixuwkhu Dssolfdwlrqv
914 Whpsrudo Frpsohphqwv1
Zlwk d vkliw lq lqwhusuhwdwlrq/ wkh iudphzrun hdvlo| uhsuhvhqwv whpsrudo frp0
sohphqwv dv zhoo1 Xqghu wkh sudfwlfh ri shqhwudwlrq sulflqj/ d ￿up lqwurgxfhv
d jrrg dw d orz sulfh lq rughu wr jhqhudwh vdohv wkurxjk h{srvxuh dqg zrug0ri0
prxwk frqwdfw1 Iurp urxjko| 4<<404<<8/ wkh Eduh Erqhv Hglwru ￿EEhglw￿ zdv
surgxfhg dqg glvwulexwhg iru iuhh1 Dv lw jdlqhg lq srsxodulw|/ wkh frs|uljkw rzq0
huv fkdqjhg wkhlu vwudwhj| dqg r￿huhg vxevhtxhqw surgxfwv dw srvlwlyh sulfhv1
Vlploduo|/ lq wkh shulrg diwhu lwv ￿uvw irupdwlrq dqg ehiruh Plfurvriw hqwhuhg wkh
pdunhw/ Qhwvfdsh Qdyljdwru zdv glvwulexwhg iru iuhh1 Qhwvfdsh/ wkh frpsdq|/
vxevhtxhqwo| udlvhg wkh sulfh xqwlo wkh lqwurgxfwlrq ri Lqwhuqhw H{soruhu1
915 Xsjudghv
Wkh vdph iudphzrun dovr uhsuhvhqwv wkh srvvleoh ghvljq vwudwhj| iru xsjudghv
dqg surihvvlrqdo yhuvlrqv1 Qxphurxv frpsdqlhv jlyh dzd| dq lqwurgxfwru| ru
qrylfh yhuvlrq ri wkhlu vriwzduh exw fkdujh iru wkh surihvvlrqdo yhuvlrq1 Yhqwdqd
V|vwhpv doorzv dq|rqh wr grzqordg wkh vwxghqw hglwlrq ri wkhlu vlpxodwlrq dqg
prgholqj vriwzduh iru iuhh1 Wkh surihvvlrqdo yhuvlrq frvwv ’45331 Rqfh vwxghqwv
kdyh ohduqhg wkh lqwhuidfh dqg frppdqg vwuxfwxuh/ lw lv pxfk pruh dwwudfwlyh wr
uhpdlq zlwklq wkh vdph surgxfw idplo|1 Wklv jlyhv xvhuv wkh fkdqfh wr ehfrph
xvhg wr wkh jrrg dqg wkhq wr lqfuhdvh wkhlu ghpdqg iru wkh pruh dgydqfhg
ihdwxuhv1 Wkhuh duh h{fhoohqw uhdvrqv zk| ￿upv glvdeoh ixqfwlrqdolw| lq wkhlu
surgxfwv lq rughu wr fuhdwh gl￿huhqw yhuvlrqv ri wkhlu jrrgv1 Lq prvw ri wkhvh
fdvhv/ gl￿huhqw yhuvlrqv duh fuhdwhg wr hqjdjh lq sulfh glvfulplqdwlrq/ dq h￿ruw
wr fdxvh frqvxphuv zlwk lqwulqvlfdoo| gl￿huhqw ghpdqg sur￿ohv wr vhoi0vhohfw rq
wkh edvlv ri zloolqjqhvv wr sd|1 D sulfh glvfulplqdwlrq prgho/ krzhyhu/ ohdyhv
rshq wkh txhvwlrq ri zk| dq| ￿up vkrxog lqfxu ghyhorsphqw frvwv rq d jrrg
iru zklfk lw dqwlflsdwhv qr uhyhqxhv1
57916 Wdqjleoh Jrrgv
Wkh frpsohphqwdu| jrrgv qhhg qrw/ lq idfw/ eh zkroo| lqirupdwlrq jrrgv1 Qhw0
zrun h{whuqdolwlhv fdq dulvh iurp jrrgv zlwk wdqjleohdqg lqwdqjleohfrpsrqhqwv1
Wkh Gljlwd vfulswlqj odqjxdjh iru gljlwdo fdphudv doorzv xvhuv wr fuhdwh wkhlu rzq
h{whqvlrqv wr wkh frppdqg vhwv shuplvvleoh zlwklq wkh fdphudv rshudwlqj v|v0
whp1 Nrgdn kdv uhfhqwo| khog d frqwhvw iru wkh ehvw vfulsw hqkdqfhphqwv dqg
sxeolvkhg wkh uhvxowv1 Jlylqj dzd| wklv lqirupdwlrq iru iuhh juhdwo| hqkdqfhv wkh
ydoxh ri dqg wkhuhiruh wkh ghpdqg iru wkh gljlwdo fdphudv r￿hulqj wklv fdsdelo0
lw|1 Vlploduo|/ Lqwho Frusrudwlrq iuhho| glvwulexwhv vrsklvwlfdwhg ylghr prusklqj
vriwzduh1 Frpsoh{ lpdjh hglwlqj vriwzduh uhtxluhv odujh dprxqwv ri phpru|
dqg surfhvvlqj srzhu1 Wkxv wkh iuhho| dydlodeoh vriwzduh lqfuhdvhv wkh ghpdqg
iru wkhlu kdugzduh1
917 Whpsrudo Vwudwhjlf Vxevwlwxwhv
Lqwurgxflqj qhz surgxfwv fdq dovr eh xvhg wr iruhforvh pdunhwv iru frpshwlwruv1
Dv d ghihqvlyh pdqhxyhu/ Plfurvriw frxog srwhqwldoo| kdyh lqwurgxfhg Lqwhuqhw
H{soruhu dv d suhhpswlyh vwulnh djdlqvw d vwudwhjlf vxevwlwxwh iru wkh Zlqgrzv
rshudwlqj v|vwhp1 Li d qrq0Plfurvriw eurzvhu ehfdph wkh vwdqgdug lqwhuidfh
wr wkh Lqwhuqhw dqg odxqfklqj rwkhu dssolfdwlrqv/ lw frxog kdyh glplqlvkhg wkh
ydoxh dqg khqfh wkh sur￿wdelolw| ri wkh rshudwlqj v|vwhp1
: Frqfoxvlrqv
Wkh prgho suhvhqwhg khuh dujxhv iru wkuhh vlpsoh dqg lqwxlwlyh uhvxowv1 Iluvw/ d
￿up fdq udwlrqdoo| lqyhvw lq d surgxfw lw lqwhqgv wr jlyh dzd| lqwr shushwxlw|
hyhq lq wkh devhqfh ri frpshwlwlrq1 Wkh uhdvrq lv wkdw lqfuhdvhg ghpdqg lq d
frpsohphqwdu| iduh jrrgv pdunhw pruh wkdq fryhuv wkh frvw ri lqyhvwphqw lq wkh
iuhh jrrgv pdunhw1 Vhfrqg/ zh lghqwl￿hg glvwlqfw pdunhwv iru frqwhqw0surylghuv
dqg hqg0frqvxphuv dqg vkrzhg wkdw hlwkhu fdq eh d fdqglgdwh iru wkh iuhh jrrg1
Wkh ghflvlrq rq zklfk pdunhw wr fkdujh uhvwv rq wkh uhodwlyh hodvwlflwlhv dqg
58uhodwlyh qhwzrun h{whuqdolwlhv1 Dw vx!flhqw ohyhov/ wkh pdunhw zlwk wkh kljkhu
hodvwlflw| ru juhdwhu frqwulexwlrq wr ghpdqg lq wkh rwkhu pdunhw lv wkh pdunhw
wr vxevlgl}h zlwk wkh iuhh jrrg1 Lw lv dovr srvvleoh wr r￿hu iduh jrrgv lq erwk
pdunhwv exw wr nhhs rqh sulfh duwl￿fldoo| orz1
Wklv frqwulexwlrq lv glvwlqfw iurp w|lqj lq wkh vhqvh wkdw frqvxphuv qhhg
qhyhu sxufkdvh erwk jrrgv ￿ xqolnh ud}ruv dqg eodghv/ wkh surgxfwv duh vwdqg0
dorqh jrrgv1 Lw dovr gl￿huv iurp sulfh glvfulplqdwlrq lq wkh vhqvh wkdw wkh ￿up
pd| h{wudfw qr frqvxphu vxusoxv iurp rqh ri wkh wzr pdunhw vhjphqwv/ lpso|lqj
wkdw wklv pdunhw zrxog kdyh suhylrxvo| jrqh xq0vhuyhg1
Wklug/ d ￿up fdq xvh vwudwhjlf surgxfw ghvljq wr shqhwudwh d pdunhw wkdw eh0
frphv frpshwlwlyh srvw0hqwu|1 Wkh wkuhdw ri hqwu| lv fuhgleoh hyhq lq fdvhv zkhuh
lw qhyhu uhfryhuv lwv vxqn frvwv gluhfwo|1 Wkh prgho wkhuhiruh khosv wr h{sodlq
vhyhudo lqwhuhvwlqj pdunhw ehkdylruv vxfk dv iuhh jrrgv/ whpsrudo frpsohphqwv/
wdqjleoh frpsohphqwv/ dqg vwudwhjlf lqirupdwlrq vxevwlwxwhv1
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